Introduction
Although it is well recognized that education is unambiguously rewarded in labor markets, the literature identifies three different channels through which formal schooling impacts on earnings. When education provides specific skills, it helps individuals find more complex and better-paying occupations, which Lemieux (2014) calls "occupation upgrading." On the other hand, regardless of occupation, more and better education also increases productivity through better cognitive skills in literacy, numeracy, and problem-solving. In other words, while more-educated workers are assigned to more complex jobs, education also increases general productivity in a given job. Green and Riddell (2015) find that about 40 % of the returns to schooling comes from the combined effect of these cognitive skills produced by formal education and can be viewed as the "pure returns" to schooling. The third reason that education affects earnings originates from the assignment of skills obtained by education to jobs that are available in labor markets. Studies in the past have used different measures such as degree of education, ability, and field of study-job relatedness to quantify this matching quality. For instance, Lemieux (2014) estimated the effect of the above three factors on earnings and found that occupation upgrading and occupational matching (provided by the job field of the study match) collectively explain close to half of the conventionally measured return to education for native-born workers.
Despite the overwhelming evidence that education has robust, positive, and casual effects on wage earnings, immigrants' foreign education appears to be greatly discounted in Canada (Li and Sweetman 2014; Ferrer and Riddell 2008) .
1 Furthermore, Uppal and LaRochelle-Cote (2014) report that, among internationally educated universitygraduate immigrants, 48 % of women and 37 % of men work in occupations that usually require a high school education or less in 2006. The corresponding rates are 15 and 17 %, respectively, for Canadian-educated native-born university graduates. A most recent study by Aydede and Dar (2016) also points to a persistent and significantly poorer horizontal mismatch for foreign-educated immigrants in Canada: 76 % of immigrants work in jobs that are considered least related by native-born workers in their field of study. In light of this evidence, it is obvious that differential returns to formal schooling by nativity would reflect not only the variable quality of education across source countries but also systematic differences in the occupational matching for those groups in Canada. In other words, one may raise the question of immigrants' inability to practice in their trained occupation, when the inferior quality of their education is blamed for the lower return to foreign credentials. Yet, it can also be argued that immigrants' occupational mismatch in the host country could be a result of nonportability of their foreign qualifications due to the nonequivalent quality of their education obtained in the source country.
As noted by Sweetman et al. (2015) , there is a common perception that a deficiency in foreign qualification recognition and an excessive cost of reentry in regulated (or self-regulated) occupations following migration hinders the labor market integration of new immigrants and results in the well-documented wage penalty at the entry for newcomers (Picot and Sweetman 2012; Borjas 2013) . Unlike the USA, nevertheless, this is a particular concern in Canada, which has a point system for selecting skilled (bettereducated) immigrants who would be employed in occupations that arguably face longterm labor shortage. Although the nonrecognition of foreign qualifications is frequently blamed in public policy for declining returns to premigration labor market experience and for the immigrant-native-born gap in the rate of return to education in Canada, the evidence suggests that differences in premigration educational quality, usually proxied by source-country test scores (PISA-Programme for International Student Assessment) or a cross-country human-capital index (Hanushek and Kimko 2000) , have substantial impacts on the Canadian labor market earnings of immigrants (Sharaf 2013; Li and Sweetman 2014) . But the nonequivalent quality of foreign education may also stimulate systematic and persistent differences in occupational attainment, mobility, and matching for immigrants, which in turn would exacerbate the negative impact of the poor-quality education on payoffs to schooling, especially when these differences are combined with the lack of foreign qualification recognition in hosting labor markets. If this is true, the discount in returns to foreign credentials could be overestimated in wage earnings equations.
The primary objective of this study is to estimate and compare the return to education for internationally educated immigrants after controlling for their occupational matching in hosting labor markets by using the 20 % sample of the 2006 Canadian Census. The size of the data permits us to create two continuous indices that expose the "common" quality of occupational match experienced by native-born Canadian-educated workers in labor markets. These indices quantify the match in two dimensions by using the clustering of native-born workers in each cell of the field of study-occupation and degree of education-occupation matrices reflecting the relatedness of the 1375 fields of study and 14 major degrees to 520 occupations separately.
2 Unlike studies that define the match between pre-and postmigration (or intended) occupations, or studies that use a measure of "required education," as suggested in the ORU (Over-Required-Undereducation) literature, the present study uses the distribution of native-born workers across occupations by the field of study and degree of education as a benchmark that internationally educated immigrant workers can attain in the long run. This approach helps us eliminate the difficult problem of determining an ideal matching ordering of 520 occupations for each of the 1375 fields of study in labor markets, particularly for unregulated occupations. Similarly, it also removes the need for identifying the "required education" in each of 520 occupations, which is usually estimated as the most observed years of schooling or degrees in an occupation and commonly criticized in the literature due to their poor measurement properties. Even if an ideal matching in both dimensions could be found, the actual quality of immigrants' occupational match should be gaged relative to a comparison group, and millions of native-born workers in labor markets would appear to be a natural choice. This allows us to estimate the wage earnings of immigrants after removing the dissimilarities in their occupational match relative to that of the native-born. Thus, by adjusting the quality of immigrants' occupational matching, we can isolate the returns to education in estimation such that they reflect the true rewards to foreign credentials. Although our results show a significant and persistent poor matching quality for internationally educated immigrant workers, their relative wage gain from a better matching is not as sizeable as envisioned in some policy circles.
3 This finding implies that, even if immigrants work in their trained jobs with a required degree, their foreign credentials are subject to a substantial discount in Canadian labor markets. In other words, the lower return to immigrants' foreign credentials is much more a "sourcecountry problem" rather than being a "host-country problem" that can be efficiently dealt with by postarrival policies. The rest of the paper is organized as follows: Section 2 summarizes previous research; Section 3 introduces the data and contains a descriptive analysis. Econometric results and a discussion of our findings are given in Section 4. We provide the concluding remarks in Section 5.
Previous research
This study brings together several different but interrelated fields in the literature: the education/skill mismatch in labor markets, immigrants' economic assimilation in hosting countries, and economics of education in general. The widening earnings gap between immigrants and the native-born in Canada over the last three decades has sparked a number of studies investigating the reasons behind this fact. These studies have pointed to the change in the source-country composition during the 1990s with a focus on declining returns to source-country labor market experience, lower payoffs to foreign schooling, and downturn in education quality and language skills (see Sweetman 2005, 2011 for reviews). Studies that have investigated returns to foreign education in connection with the wage gap in Canada found mixed evidence. Aydemir and Skuterud (2005) have extended the assimilation model applied first by Cheswick (1978) to compare payoffs to schooling by decomposing education years spent in the host and source countries. In fact, by using five censuses between 1981 and 2001, they found that foreign school years are more valued than Canadian school years for immigrant men. Later, Skuterud and Su (2012) replicated the same study on a rich longitudinal Canadian data source and found that controlling for unobserved individual fixed effects and errors in measuring postarrival schooling does not change the earlier results. Ferrer and Riddell (2008) , on the other hand, later pointed out that, relative to degree completion, years of schooling may be a less informative signal of productivity for immigrants than for natives due to the fact that there is a greater dispersion in years of schooling among immigrants in each degree than among natives, reflecting the diversity of education systems across countries. When they simultaneously controlled for years and degrees of education, they found that foreign-acquired education is valued less than education acquired in Canada. Finally, Li and Sweetman (2014) used international test scores as a proxy for the quality of source-country educational outcomes and found that there is a strong and positive association between returns to prearrival schooling in the host country and the quality of education in the source country. Except for Warman et al. (2015) , none of these studies have controlled for occupational matching in their models. They defined the match between pre-and postmigration occupations and found that those who do not obtain an occupational match receive no benefit from premigration education.
There is a fairly large literature that analyzes the effects of education mismatch on the returns to education. The beginning of the ORU literature can be traced to the study by Duncan and Hoffman (1981) that was the first of its kind defining a worker's attained education as the sum of schooling years in required education and overeducation (or undereducation). Leuven and Oosterbeek (2011) compared the results of a wide range of ORU studies and completed their literature review with a rather pessimistic note: "We conclude that the conceptional measurement of overeducation has not been resolved, omitted variable bias and measurement error are too serious to be ignored, and that substantive economic questions have not been rigorously addressed. Hence new contributions seem only worthwhile if they include a serious attempt to tackle these issues" (p. 39). Despite these setbacks, in a series of papers, Chiswick and Miller (2008 , 2009 , 2010 used the ORU framework to investigate the lower payoffs to schooling for immigrants in the USA. In these studies, the required level of education is measured by the modal value of schooling years in each occupation and workers' actual education is decomposed to required and overeducation (undereducation) in Mincerian earnings functions. They found that, when the workers' educational match is controlled for in this setting, the gap in returns to schooling measured by years of required education disappears. In other words, immigrant and native-born workers are rewarded the same for their education when they are not over-or undereducated for their jobs. Hence, when the decomposition to actual education is ignored in conventional wage earnings equations, the gap essentially reflects the fact that immigrants disproportionally face a greater incidence of overeducation-undereducation in labor markets. However, some recent evidence (Sharaf 2013) shows that accounting for schooling quality eliminates the native-immigrant gap in the incidence of overeducation in Canada. To address the issue that problems in immigrants' occupational attainment in hosting countries could be one of the major contributors to lower payoffs to their foreign schooling, studies have investigated the intra-occupational earnings progression by comparing returns to education within occupations simply by introducing occupation dummies into earnings estimations of immigrants and native-born workers (Dell' Aringa et al. 2015; Chiswick and Miller 2007) . Finally, two recent studies (Nieto et al. 2014; Aleksynska and Tritah 2013) have applied the ORU method to European countries (EU) by using rich data sets and found that the occupational mismatch among immigrants is mostly due to origin countries' quality of human capital. Robst (2007) was the first major study to investigate the relationship between workers' field of study and their occupation and how the degree of relatedness between the two affects wages in the USA. The Robst paper, along with a number of recent studies such as Nordin et al. (2010) and Yuen (2010) , showed that workers tend to earn higher wages when in an occupation that is closely related to their field of study. In a more recent paper, Lemieux (2014) used the self-reported answers in the 2005 National Graduate Survey with about 10,000 university graduates to identify whether the person works in a related job and then calculated the average of these binary answers in each of 90 cells (10 fields of study and 9 occupations). These average measures reflect each major's relatedness to 9 occupations. By merging these relatedness measures with the publicly available 2006 Canadian Census file, he controlled for the relatedness for each worker through both continuous and binary variables in wage regressions and found that educational degrees and relatedness explain close to half of the conventionally measured return to education. This is important because it is the first decomposition that the match (relatedness) effect accounts for 22.3 % of the university-high school wage gap in Canada. The occupational (horizontal) mismatch has been also investigated in the literature in connection with immigrants' economic integration in hosting labor markets. Two recent reports published in Statistic Canada's research paper series (Plante 2010 (Plante , 2011 are the first studies in Canada that use a concordance table-which was developed by the Centre for Education Statistics at Statistics Canada using the 2006 Census distribution of Canadian-educated individuals aged 25 to 65-to determine whether internationally educated immigrants are working in their field of study. In her second study, Plante (2011) analyzed the determinants of the immigrants' integration into the Canadian labor markets measured by two proxies: (1) working in an occupation corresponding to their field of study or in an occupation requiring similar or higher skill levels and (2) having earnings at or above the national median earnings calculated for the occupation corresponding best to their field of study. Plante's findings indicated that internationally educated immigrants are less likely than Canadianeducated counterparts to be employed in their field or occupations requiring similar or higher skill levels. 4 Green's work (1999) was one of the first to suggest that comparing the distribution of intended occupations with actual occupational attainments would make it possible to approximate the level of mismatch for immigrants in Canada. Jantzen (2015) applied this approach by using the National Household Survey and Immigration Landing File Linkage Database to determine whether economic principal applicants work in their intended regulated occupations. How (and to what extent) the cross-border transferability of occupational human capital affects earnings was investigated more explicitly in two analytical works (Imai et al. 2011; Warman et al. 2015) . By using the Longitudinal Survey of Immigrants to Canada (LSIC), in addition to detailed information on labor market experience during the first 4 years after immigrating, both studies were able to access information on the last occupation held in the source country prior to migrating and the intended occupation identified during the selection process. Both studies found that after immigrating to Canada, immigrants have difficulty finding jobs that utilize the occupational human capital that they obtained abroad. Imai et al. (2011) further calculated the potential loss in immigrants' earnings due to inability to work in an occupation that matches their source-country occupational skill requirements. They found that predicted mean earnings might have been 21-23 % higher at 4 years after arrival.
While this study, which builds on a recent work of Aydede and Dar (2016) , greatly benefits from the previous research outlined above, it contributes to the current understanding of the gap in returns to education by nativity in Canada through developing a new approach in which the quality of immigrants' education-job match is evaluated relative to the occupational distribution of native-born workers in labor markets both at vertical and horizontal levels. This will help us isolate the effect of occupational attainment in estimation, so that the actual return to foreign education can be assessed for immigrant workers. The rest of the paper provides the details underlying our approach.
Data, relatedness, and mismatches
This study uses the 20 % sample of the 2006 Canadian Census available in Canadian Research Data Centers, which is the first census that explicitly asks the location of study (highest degree) of the person. We restricted the data to include only nonaboriginal, civilian, full-time wage earners living in 10 provinces and who were between 19 and 65 years of age and who worked in 2005 and did not attend school at the time. We also dropped nondegree holders (that is, those with no education or an education degree that does not grant a major) and those whose field of study contains fewer than 10 workers. After these restrictions, we obtained about 1.4 million observations. The 2006 Census enables the classification of individuals' major field of study in which the highest postsecondary certificate, diploma, or degree was granted to them. Statistics Canada classifies the major fields of study by using the Classification of Instructional Programs (CIP), which includes 1375 instructional program classes with finer breakdowns provided with up to six-digit codes. The 2006 Census occupation data are classified according to the National Occupational Classification for Statistics 2006 (NOC-S 2006) , which is composed of four levels of aggregation. At the first 3 levels, there are 10 broad occupational categories containing 47 major groups that are further subdivided into 140 minor groups. In this study, we use the most detailed level, in which there are 520 occupation unit groups. Statistics Canada defines this classification as occupation unit groups that are formed on the basis of the education, training, or skill level required to enter the job, as well as the kind of work performed, as determined by the tasks, duties, and responsibilities of the occupation.
Field of study-occupation relatedness
Most studies on the subject use surveys that contain questions explicitly aimed at extracting information on the field of study-occupation matching. Since those surveys are usually limited in size, even producing descriptive analyses in order to understand the incidence of mismatch becomes a real challenge because of the level of aggregation in classifications. Moreover, the effect of relatedness on labor market outcomes modeled through self-reported binary variables involves some arbitrariness in the classification of workers into two categories-related or not, especially since relatedness is perhaps more a matter of degree, than an all-or-none concept. Given the large sample at our disposal, we use frequency distributions of each of the 1375 fields of study and 520 occupations, which give us 715,000 cells to calculate the following clustering index:
where L is the number of workers, o is the occupation, f is the field of study, and T denotes the whole workforce. This index (Horizontal Relatedness Index-HRI of ) measures the relatedness of occupation o in major f by calculating the percentage of workers in major f working in occupation o adjusted by the size of occupation o in the entire workforce. The role of the denominator in the index is twofold: first, it removes the directional differences in simple density calculations; second, it adjusts the simple densities (nominator) by the size of occupation (or field of study). Comparing the shares of each occupation in a field of study with the marginal distribution of each occupation is not new, and Lemieux (2014) , for example, identified occupation-field of study cells for which the proportion of workers in the occupation is more than twice its marginal distribution (the share of each occupation in the entire labor force). Lemieux (2014) and Ransom (2014) also used the Duncan index (DI f ) to quantify the occupational distinctiveness of a particular field of study as follows:
where θ is the fraction of workers. The DI and HRI indices are similar in the sense that both are measures of the distance between the share of workers holding a degree in major f working in occupation o and the share of the same occupation in the entire
. DI, as expressed above, is an aggregation showing the occupational distinctiveness of each field of study and gets bigger as workers cluster in few occupations for a given field of study. HRI, on the other hand, reports the fraction of workers in each occupation-field of study cell relative to the marginal distribution of each occupation or field of study.
Educational degree-occupation relatedness
The HRI described above can also be adjusted to show the relatedness between educational degrees and occupation. To achieve this, we use frequency distributions of each of 11 educational degrees (Table 10 lists each degree and their sizes) across 520 occupations, which give us 5720 cells for calculating the following alternative clustering index:
where L is the number of workers, o is the occupation, d is the highest degree of education that grants a major field of study, and T denotes the whole workforce. This index (Vertical Relatedness Index-VRI od ) measures the density of degree d in occupation o after removing the differences in size between 11 degrees in the entire workforce. As explained before, it also provides the same answer to the question of which occupation is most observed in degree d or which degree is most observed in occupation o. The problem of "size domination" in ORU measures can be seen by examining Table 1 , which provides a snapshot from the degree-occupation matrix for the nativeborn. The table reports the number of workers and normalized VRI (NVRI) in each cell for selected occupations. The horizontal and vertical totals (in thousands) reflect the size of degrees and occupations, respectively. The ORU literature identifies the overeducated-undereducated by comparing workers' actual education in years or degrees with the "usual" education in their occupations, which is calculated by central tendency measures, most commonly the mode. Except for occupation 478, NVRI disagrees in identifying the most common degree in each occupation. One especially noteworthy example is occupation 8. According to the ORU method, the most observed degree (or years) is 9 and thus, all workers in this occupation with degrees in 10, 11, 12, and 13 are identified as overeducated. When RI removes the size effects of all 11 degrees, especially for degree 9, by adjusting simple densities with their marginal distributions, degree 12 becomes the most prevailing one in occupation 8. Workers with degrees 9, 10, and 11 now become undereducated while they were matched and overeducated by the ORU method. Unlike the ORU measures, NVRI also exposes the level of occupation-education mismatch for any given occupation. In occupation 288, for example, NVRI implies that, relative to degree 3, degree 5 is 7 % less common, while degree 4 is 42 %, which shows that the level of overeducation-undereducation may not follow the same hierarchy in educational degrees or years. In other words, calculating the workers' amount of surplus (or deficit in) schooling by the difference between their actual education and the "usual" education in their occupation either by years or degrees leads to a fundamental measurement problem. Most importantly, by using the level of relatedness between educational degrees and occupations calculated for NVRIs for native-born workers as a benchmark, we are able to assess the immigrants' vertical mismatch in relative terms without considering how much the "usual" degrees are affected by temporary labor market conditions, which is another common criticism of the ORU method outlined above.
Matching
In what follows, we restrict our descriptive tables to report the matching quality for immigrants relative to native-born workers. We consider the occupational distribution of native-born workers as a benchmark reflecting the long-term matching quality in Canadian labor markets. To accomplish this, for each of the 1375 fields of study, we first normalize HRI calculated for native-born workers between 1 and 0 by using the highest HRI as numeraire. Classifying normalized HRIs (NHRI) in five class intervals (1.0-0.8, 0.8-0.6, 0.6-0.4, 0.4-0.2, and 0.2-0) allows us to rank each occupation based on the native-born workers' distribution. 5 We repeat this normalization procedure for our second relatedness index (VRI). This enables us to classify each degree relative to the most prevalent one in an occupation, so that we can additionally determine the overeducated-undereducated. Table 2 shows the current distribution of workers by NHRI and NVRI classes (NHRIC and NVRIC). Although the five-level classification of the normalized relatedness indices we adopt might appear to be somewhat arbitrary, Table 2 reveals a number of interesting features. If, for any given field of study, we consider the occupations with NHRI between 1 and 0.2 as relatively better matching occupations, we see that 55 % of native-born wage earners work in unrelated occupations. When we use NHRI calculated for the native-born as a benchmark for immigrants who are educated in Canada, the USA, or the UK (henceforth, Canada), the distribution does not change significantly. However, the overall mismatch ratio increases to 76 %, when we identify the immigrants who are internationally educated. A similar pattern emerges from educational degree-occupation comparisons. While the NVRI distribution for Canadian-educated immigrants is not significantly different than that of native-born workers, foreigneducated immigrants are more populated in occupations that are not considered a good match by the native-born for their educational degree. If we consider educational degrees with NVRIs between 1 and 0.8 as relatively "common" degrees for any given occupation (evaluated by the native-born distribution), 79 % of internationally educated immigrants are either overeducated or undereducated for their jobs. The corresponding number is around 65 % for the native-born and Canadian-educated immigrants. Another interesting, perhaps expected, observation is that the vertical and horizontal Notes: "Immigrant, Canadian-educated" also includes immigrants whose location of study is the USA or the UK. The distributions of overeducated (OE) and undereducated (UE) workers for each NHRI class are given in the last two columns of the table. The overeducated-undereducated are identified by the NVRI method as shown and explained in Table 1 . Numbers are rounded to the nearest 0 or 5 mismatches get worse than the averages as we move to lower NVRIs and NHRIs. For example, 41 % of foreign-educated immigrants who work in their trained occupations (i.e., NHRI is between 1 and 0.8) also work in an occupation that fits their formal educational degree. In contrast, the same number is 17 % for workers who work in occupations that are not related to their field of study (i.e., NHRI is between 0.2 and 0). Finally, among the native-born workers who do not have a degree that matches their occupation (i.e., NVRIC is 2 or more), 27 % are undereducated and 34 % are overeducated. The same numbers for Canadian-educated immigrants are slightly different: 27 and 40 %. But when it comes to foreign-educated immigrants, the numbers indicate a distinct picture: among those who do not have a matching degree in their jobs, 70 % are overeducated. This becomes even worse, 83 %, for those who also work in jobs that they were not trained for (i.e., NHRIC is 5). This may reflect the fact that immigrants offset the discount to their foreign education with a surplus in schooling in their occupation especially when this discount comes from a higher degree of mismatch between field of study and occupation in labor markets where their foreign credentials are not recognized to their full extent. Table 3 provides additional information on how relatedness in both dimensions varies across locations of study. In line with what was observed in Table 2 , immigrants who obtained their highest degrees from Canada, the USA, or the UK have a better occupational matching in labor markets, regardless of which index of relatedness we examine. Interestingly, among the internationally educated immigrants, those from China have the lowest matching quality followed by others from Asia, the Middle East, and South America. Indeed, among the internationally educated immigrants, those from Asia (including China) are least matched to their occupations with only 20 and 70 % lying in the 1-0.2 range of NHRI and NVRI, respectively. The corresponding numbers for those educated in the USA, the UK, and Europe combined can be shown to be much higher at 31 and 78 %, respectively; as well, those numbers are also higher (25 and 77.5 %, respectively) for those educated in the Middle East, Africa, and South America combined. Thus, Asian immigrants who are educated in their home countries, and who clearly are the major source of new immigrants to Canada, experience the most severe occupational mismatches in Canada. A more relevant question that must be considered, however, is whether or not such mismatches among immigrants persist over time. Ideally, Notes: the numbers are rounded the issue of persistency can be examined by following the same cohort of immigrants across censuses. However, incompatible classifications of fields of study and occupations across censuses require a substantial amount of time, and this is beyond the scope of this study. 6 Hence, we look at the cross-cohort differences in Table 4 by the distribution of immigrant workers in terms of occupation match and the years since their migration to Canada. One would expect that, if the underlying reasons are transitory, the resulting mismatch would subsequently improve occupational mobility (Green 1999 ) so that, similar to Canadian-educated immigrants, the occupational marching quality of internationally educated immigrants would rise in the long run close to that of native-born workers. Yet, it can be seen from Table 4 that the percentage of immigrants working in occupations that are not related to their field of study remains high, in the 75 % range, regardless of how long they have been in Canada. Likewise, the percentage of foreign-educated immigrants who are either highly overeducated or undereducated in their occupation is relatively higher (around 32 %) for recent immigrants than the average (27 %) reported in Table 2 . Although this falls to 24 % for established immigrants, it never gets close to around the 11 % range experienced by Canadian-educated native-born or immigrant workers. This is especially noteworthy since, while longer years in Canada translate into significant wage gains in both categories, the poor quality of immigrants' occupational match and the associated wage penalty do not show significant improvement. This persistency in mismatch, as measured by cross-cohort comparisons, suggests that it might be the underlying reasons hampering the immigrants' occupational mobility to translate into a better matching in the long run. This brings us to the question of whether the nonequivalence of immigrants' foreign education is the source of the problem, so that the time spent in Canada rewards their experience but not their occupational matching quality. The next section investigates this question.
Statistical framework and estimation results

Wage earnings and matching
Before analyzing the effect of relatedness on earnings more systematically, we report average weekly wage earnings and the distribution of foreign-educated immigrant Notes: (i) Weekly average wages are reported below percentages; (ii) Since the numbers are rounded, the totals can be slightly different than those in Table 1 workers by NHRIC and NVRIC in Table 5 . The top section shows the distribution of field of study-occupation relatedness (NHRI) by NVRI class. One important observation is that the percentage of immigrants who work in unrelated jobs (NHRIC-5) rises significantly from 60 to 88 % as the educational degree-occupation match gets worse (that is, as NVRI gets larger). Although this may be expected, 60 % of immigrants who are neither undereducated nor overeducated still work in unrelated occupations evaluated in terms of the native-born workers' distribution. In contrast, the corresponding numbers are 47 % for the native-born and 49 % for Canadian-educated immigrants ( Table 2) . It is obvious from this observation that, although the two types of occupational match are related, the field of study-occupation relatedness could be a fundamental issue even among those whose highest degree is the one of the most common in their occupation. The wage penalty associated with these observations can be seen in the bottom section of Table 5 . Monotonic declines in average wages particularly at higher NVRI classes suggest a strong and positive correlation between relatedness and wage earnings. The middle section of Table 5 reports the distribution of educational degree-occupation relatedness by NHRI classes. Again, the correlation between NVRI and NHRI is also obvious here. While 41 % of immigrants who are in the first NVRIC (those who have an educational degree that is the most observed in their occupation) work in jobs that are most related to their field of study, only 17 % of those in NVRIC-1 work in jobs that are least related to their field of study. This pattern changes for those in the NVRIC-5 category: only 13 % of workers with surplus or deficit in schooling in their occupation work in jobs that are related to their jobs. One critical observation emerges here when we compare these NVRI and NHRI distributions. While 75 % of internationally educated immigrants work in jobs that are considered by the native-born least related to their field of study, 27 % of those have a degree that is least related to their occupation. From this observation, it seems that the occupational mismatch of foreigneducated immigrants is mainly dominated by field of study-occupation relatedness relative to educational degree-occupation relatedness. Nevertheless, although immigrants are much more smoothly distributed across NVRI classes, there is a clear wage penalty for immigrants in occupations that are regarded as relatively less related to their degrees by native-born workers as shown at the bottom of the table.
The objective of this paper is to evaluate the payoffs to education for immigrants after isolating the effect of their matching quality on wage earnings. Up to this point, we have developed a method that quantifies this quality in a way that their occupational matching can be compared to that of native-born workers. Table 6 shows, for example, average weekly wages and the distribution of workers who work in the most matching jobs in terms of their field of study and educational degree. When we compare the workers with NHRIC-1 in the upper section of the table, the wage differences between native-born and foreign-educated workers for all NVRI classes become insignificant. A similar observation emerges for workers whose NVRIC is 1 in the bottom section of the table. The underlying reason for this could be that those whose foreign education quality is not significantly different than that of their Canadian-educated counterparts may also be more likely to be better matched. Besides, occupational matching in labor markets may also reflect an ability sorting (specially in language) among immigrants. One way to address this problem is to control for occupational matching by using Notes: "NB", "IMM-CE", and "IMM-FE" denote native-born, Canadian-educated immigrant, and foreign-educated immigrant workers, respectively. Average weekly wages are shown under the percentage distributions NHRIC-NVRIC matrices in wage earnings functions, so that we can compare the returns to education in each cell separately. The following section elaborates on the details.
Wage earnings function
As noted before, there are mainly three different reasons identified in the literature for why education may have positive effects on earnings. Lemieux (2014) calls first two channels as "pure education" and "occupation upgrading" channels based on the idea that formal education not only increases workers' overall productivity but also helps them find better paying occupations. The third reason is that the workers become more productive if they work in jobs that are a good match for their education. Although modeling these three channels through matching is a fairly complex process, in practice, occupation upgrading and specialization are controlled in wage earnings functions by binary variables that identify occupation and field of study fixed effects. The channel that reveals the payoffs to more (better) schooling seems a residual effect that is measured by either a continuous variable of schooling years or a binary variable that controls for the degree of education. The approach in this study employs a Mincerian wage function used by Lemieux (2014) , augmented to include controls for each of the three earnings impacts of education noted above, including the ones that capture the effect of matching quality. This specification is as follows:
where person i working in occupation o with degree d in field of study f earns wage w. Vector X includes a set of usual variables such as age, gender, and location of work. Indicator variables a d , b f , and c o control for differences in degrees of education, fields of study, and occupations, respectively. The terms m(f, o) and m(d, o) control for the matching quality between occupation o and field of study f and degree d, respectively, and yield wage premiums, α and λ, to the extent to which field of study f and degree d are valuable in occupation o. A concern in the literature, one that we fully recognize, has been the problem of unmeasured ability. Studies that have used instrumental variables confirm the ability bias in the estimated causal effect of education on earnings using the ordinary least squares (OLS) method but find that this bias is quite small in size-see, for instance, Card (1999) and Ashenfelter et al. (1999) . The ability bias in the effect of field of study on wages has not been tested yet by IV methods due to difficulties in finding credible instrumental variables. As with the choice of field of study, the match quality could also be correlated with a person's ability. However, studies investigating wage differentials across fields of study (Altonji et al. 2012 ) and the effect of relatedness on earnings (Nordin et al. 2010 ) include proxies in their equations to control for unobserved ability and observe no significant changes in results. Lemieux (2014) explains in great detail why the OLS results of Eq. (1) should be valid especially when they are used in estimating average effects. In light of this, we also estimate the model using OLS but facilitate statistical inference by estimating two-way clustered standard errors (Cameron et al. 2011) at each cell of the NVRIC-NHRIC matrix. We also use VRI and HRI as proxies for m(f, o) and m(d, o).
First, we assess the occupational matching of foreign-educated immigrants by using the distribution of Canadian-educated native-born workers as a benchmark reflecting the long-term matching quality in Canadian labor markets. This approach allows us to identify immigrants clustering in occupations that are not preferred by Canadianeducated native-born workers in a given field of study. To accomplish this, we use normalized HRIs classified into five groups as noted earlier, which we treat as categorical variables that rank each occupation based on the native-born workers' distribution. Thus, using this categorical variable as a proxy for m(f, o) in Eq. (1) for immigrants allows us not only to estimate the wage penalty that immigrant workers face but also to treat m(f, o) as exogenous, which has otherwise been a major challenge for many studies in the literature.
7 Second, we also use the distribution of native-born workers across educational degrees in each occupation, as a part of the occupation-education degree matrix shown in Table 1 . Using horizontally normalized VRIs classified into five groups, we can rank each degree for a given occupation based on the native-born workers' distribution. Likewise, using this categorical variable as a proxy for m(d, o) in Eq.
(1) for immigrants, we can control for the effect of vertical mismatch on wage earnings. There are two potential sources for a possible selectivity problem in our work: first, we only look at wage earners; hence, selectivity to employment could be a potential problem. Second, we distinguish foreign-educated immigrant workers from Canadianeducated immigrants. There might be an ability sorting, for example, between these two groups that may lead to a case that the lower returns to education for foreigneducated immigrants reflect unobserved ability deficiencies, instead of a discount to their source-country education. Since our analysis focuses on the comparison of returns to formal schooling by nativity, it is quite reasonable to expect that the likelihood of a bias is already low because all three groups possibly face selectivity into employment. Nonetheless, to address the issue further, we have also applied a conventional Heckman selection process and included self-employed individuals in these three groups to reduce the selectivity problem even more and found that our results are not sensitive to these applications. The second issue, a possible ability sorting between Canadian-and foreign-educated immigrants, can be understood better when viewed in the Canadian context. Every year, more than 60 % of new immigrants are accepted in Canada as skilled workers based on a point system designed to select better-educated individuals with relatively high level of language skills. Unlike other immigrant-receiving countries, such as the USA, Canada has a negligible number of illegal immigrants and a modest refugee population. The shift in the immigration policy in the 1990s to the point system that explicitly targets adult workers (between 35 and 45 years old) with a postsecondary education and work experience has generally provided higher levels of human capital to meet the needs of Canadian labor markets (Ferrer et al. 2014) . Therefore, a negative ability sorting could actually be an issue for immigrants who are defined as "Canadian educated" if their highest degree is obtained in Canada. Another potential problem is the endogeneity identified specially in the ORU literature that the unobserved inabilities might lead to both wage penalties and educational mismatches in labor markets. Although this is discussed later in the paper, since we compare payoffs to schooling only for those who work in the most matching occupations by nativity, this type of endogeneity seems an unlikely problem in our estimations.
Finally, that different cohorts of immigrants might have different levels of human capital reflecting the shift in the source-country composition of the inflow especially in Canada after the 1990s has been an issue that has been well investigated. The cohort effect has been examined in relation with the rate of economic assimilation, and it has been found that accounting for these cohort effects on wage levels substantially reduces the speed of wage convergence between immigrant and native-born workers (Green and Worswick 2012; Borjas 2013 ). Since we use single cross-sectional data, differences across cohorts can only be reflected in age differences. Hence, as a common application, instead of age, we include two variables, years since migration and before migration, to immigrants' wage equations. Additionally, we have checked the age distributions of Canadian-and foreign-educated immigrants in the two-level HRI-VRI matrix. Since the distributions are almost identical, the comparison of payoffs to their schooling should not be affected by the differences in human capital across cohorts. Table 7 summarizes the estimation results for three specifications of the earnings function given by Eq. (1) without including the matching quality variables, m(f, o) and m(d, o). The first specification shows the results for native-born workers. The last two specifications report the results for Canadian-and internationally educated immigrant full-time wage earners, respectively. All specifications include controls for age, age square, marital status, disability, visible minority status, primary earner status, spoken language, regional fixed effects for 10 provinces, location of study fixed effects, and industry fixed effects for 21 categories. Moreover, the sample size allows us to control for field of study fixed effects Notes: (1) The dependent variable is log weekly wage. (2) Standard errors are adjusted at occupation and field of study cells by using the two-way clustering method (Cameron et al. 2011) . (3) All equations also control for age, age square, marital status, disability, visible minority status, primary earner status, spoken language (only English, only French, bilingual, others), regional fixed effects for 10 provinces, location of study fixed effects at 10 categories, field of study fixed effects at 1375 categories, and occupation fixed effects at 520 categories. (4) The equations also include industry fixed effects at 21 categories. However, results do not change significantly when industry fixed effects are excluded. (5) "CE" and "FE" denote Canadian-educated and foreign-educated. (5) Immigrants' age is decomposed to years since migration and before migration. (6) Information on years in education is not available in the 2006 Census. Therefore, we have to use age as a proxy to control work experience for 1375 categories and occupation fixed effects for 520 categories, which helps us isolate the payoffs to degrees from the wage differences resulting from differences in fields of study and occupations. The results in Table 7 are in line with the evidence in the North American immigration literature in the sense that immigrants' education obtained abroad is less rewarding in Canadian labor markets (Li and Sweetman 2014; Warman et al. 2015) . Specifically, our results verify this finding in that, in contrast with the first two specifications, either there is no education effect on wage earnings of immigrants who obtained their degrees outside of Canada or the rates of return are substantially discounted. Table 8 reports the same specifications, but now, they include the relatedness (matching) variables, NHRIC and NVRIC. Regardless of birthplace or location of study, the results indicate a positive impact on wages of greater relatedness. Note that this relationship as structured in Eq.
Estimation results
(1) appears to be correlational rather than causational, particularly when self-reported answers to survey questions or the distributional aspects of workers are used as a proxy for m(f, o): workers might feel better matched in better-paying jobs, or they might cluster more around occupations with higher wages. Hence, the results for native-born workers should be interpreted in light of this fact. When it comes to immigrants, however, using NHRIC dummies in specifications (2) and (3) calculated for the native-born field of study-occupation distribution, and not that of immigrants, provides us with the desired exogeneity in relatedness. In particular, as we saw in Table 2 , internationally educated immigrants are less likely to be assigned to occupations where native-born workers choose to work. In other words, more immigrants work in lowerpaid occupations relative to native-born workers, and this breaks the simultaneity between higher wage earnings and crowded occupations. As for the vertical mismatch, a possible ability bias in estimating the wage penalty associated with overeducation-undereducation has always been an issue in the ORU literature. Since we do not distinguish the overeducated from undereducated in VRI calculations, 8 the aggregation of both groups in NVRIC may cancel out the ability bias, which works opposite directions for those who have a deficit or a surplus in schooling required by their jobs.
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The results show that, while the effect of relatedness on wage earnings are similar for native-born and Canadian-educated immigrant workers, it is slightly lower for internationally educated immigrants, especially for those who are working in the least matching occupations (NHRIC-5). Considering that more than 75 % of foreigneducated immigrants work in those least matching occupations, occupational mismatch would appear to be less punishing for immigrants. Another interesting point is that, unlike NHRIC, all categories in NVRIC are associated with a substantial and increasing wage penalty. Besides, while the vertical mismatch (education degree-occupation match) is less punishing than the horizontal mismatch for native-born workers, the opposite can be observed for both Canadian-and foreign-educated immigrant workers. Finally, when both dimensions of occupational matching are controlled by the inclusion of NHRIC and NVRIC, payoffs to educational degrees improve for foreign-educated immigrants. Although they are still deeply discounted, returns to degrees above "college-more than 2 years" now become positive and significant. As discussed earlier, this implies that the lower return to foreign schooling observed in the literature may also reflect the wage penalty to education-occupation mismatch as we report in Table 8 .
This brings us to the question of how much of the discount in payoffs to foreign education is attributable to source-country education quality. For example, in their recent study, Aydede and Dar (2016) found that the cost of immigrants' occupational mismatch is negligible and, even if their matching quality improves to what native-born workers experience in Canada, it would not significantly reduce the wage gap between them. This evidence implies that the underlying reason for lower returns to foreign schooling and a persistent and significant occupational mismatch may not be the postarrival difficulties involving the recognition of immigrants' foreign credentials but rather the lower quality of those credentials. One way to address this issue more explicitly is to separate these two effects by looking at returns to education for those whose education, in terms of field of study and educational degree, is in line with what is considered "required" for native-born workers in their jobs. In order to achieve this, we first reduce the classification of NHRI and NVRI from five categories to two. The first category is the same as before (NHRI and NVRI between 1 and 0.8), and the second category covers the 0-0.8 range. With this new classification, we introduce NHRIC2 and NVRIC2 into our regressions interacted with 11 degrees as shown in Table 9 . Since our interest is in the payoffs to education only for those who have a matching degree and field of study, except for the first part of the results that shows the full details of the interactions for "Trades," we report only the interactions between degrees and the first categories of NHRIC2 and NVRIC2.
The results show that almost all degrees are associated with increasing payoffs for native-born workers who work in matching jobs. The differential rates of return for each degree are not fundamentally different from those observed in Tables 7 and 8 . This observation is almost the same with a minor discount for Canadian-educated immigrants. On the other hand, internationally educated immigrants who are also working in jobs that are considered good matches by native-born workers for their education face a large discount in returns to their foreign schooling. Except for graduate degrees, payoffs to all degrees are discounted zero, including the most crowded bachelor's degree. Given that the comparison is made for those who work in matching jobs in terms of field of study without any deficit or surplus in their schooling, the results reflect the isolated returns to education after removing the impact of occupational mismatch, field of study specialization, and occupational upgrading.
Some insight into each degree's contribution to the overall picture can be seen by noting that, among the best matched workers (those with NVRI and NHRI indices in the 1-0.8 range), while the bachelor's degree is the most crowded degree especially among foreign-educated immigrants, together with graduate degrees, workers who hold a postsecondary degree account for 55 % of all such immigrants. The corresponding numbers are 33 % for native-born wage earners and 43 % for Canadian-educated workers. Yet, despite the greater share of immigrant workers with higher education, the occupational match is one of the lowest, particularly for university degree holders. Our Table 9 show that even among these well-matched foreign-educated immigrant workers, returns to education are discounted to zero for 80 % of them, including those who hold bachelor's degrees. Finally, to check the robustness of the results in Table 8 , we compare the returns to education for those who have the lowest relatedness index in both levels in Table 10 . To achieve this, we define the lowest normalized relatedness between 0.2 and 0 for NHRIC2 and NVRIC2 and change the base to Trades-2-2 in estimations. The results show that, while the rates of return for each degree generally sustain their incremental values for native-born and Canadian-educated immigrant workers, payoffs to each degree of internationally educated workers are discounted to zero. Although those who hold a bachelor's degree are rewarded an additional 4 % for their education, this is not comparable to the 14-15 % earned by native-born and Canadian-educated counterparts.
Conclusions
Using the 2006 Canadian Census, this paper investigates the lower return to immigrants' foreign education credentials after adjusting for their occupational matching in hosting labor markets. There is a common perception that a deficiency in foreign qualification recognition and an excessive cost of reentry into regulated (or self-regulated) occupations hinders the labor market integration of new immigrants and results in the well-documented wage penalty at entry for newcomers. At the same time, the evidence in the literature also suggests that the differences in foreign schooling quality have substantial impacts on the earnings of immigrants. But the quality of foreign education can have an impact on the payoffs to schooling through different channels: the "pure" returns to education (reflecting the increased productivity of workers in a given occupation), occupation upgrading (resulting from education allowing workers to find more complex and better-paying jobs), and matching effects (the quality of the match Table 10 OLS estimates of weekly wage earnings with interactions between degrees, NHRIC2, and NVRIC2-2006 (1) Native-born (2) Immigrants-CE (3) Immigrants-FE Coef.
P > |z| Coef. P > |z| Coef.
between workers' skills and the occupations in which they are employed). Hence, unless the matching quality is controlled for in wage earnings equations, the existing evidence falls short of revealing the underlying reasons behind the gap in returns to education by nativity. The objective of this paper is to shed light on this very issue, one that has important policy implications. If it is the nonportability of foreign credentials rather than the lack of immigrants' transitory occupational mobility, solutions to the poor economic integration of immigrants into Canadian labor markets should lie more in policies targeting new immigrants' source-country human-capital characteristics rather than policies designed for postmigration improvements. The approach we adopt in this study is to estimate a Mincerian wage function, augmented with controls for matching quality and occupational upgrading, among other things, to assess the returns to education of immigrants (both Canadian-and foreigneducated) relative to those of native-born Canadians. Our study breaks fresh ground in that we define and quantify matching quality using two measures of relatedness-one based on the match between educational degrees and occupation and the second based on the matching between field of study and occupation. The size of the sample we use allows us to develop these indices at a considerably low level of aggregation. Specifically, we are able to create two continuous indices that expose the "common" quality of occupational match experienced by native-born wage earners in labor markets. These indices quantify the match in two dimensions by using the clustering of native-born workers in each cell of the field of study-occupation and degree of education-occupation matrices reflecting the relatedness of each of the 1375 fields of study and 14 major degrees to 520 occupations separately. Unlike studies that define the match between pre-and postmigration (or intended) occupations, or studies that use a measure of "required education," as suggested in the ORU literature, the present study uses the distribution of native-born workers across occupations by field of study and degree of education as a benchmark that internationally educated immigrant workers can attain in the long run. This approach helps us eliminate the difficult problem of determining an ideal matching ordering of 520 occupations for each of the 1375 fields of study and 11 degrees in 520 occupations in labor markets, particularly for unregulated occupations. Thus, by adjusting the quality of immigrants' occupational matching, we can isolate the returns to education in estimation such that they reflect the true rewards to foreign credentials.
Our findings show that, in general, well-matched native-born and Canadian-educated immigrants earn more the higher their educational attainment in terms of degrees. However, for well-matched (by native-born standards) foreign-educated workers, the payoffs to schooling are severely discounted. Specifically, except for graduate degrees, the payoffs to all other degrees, including the most populous bachelor's degree, are effectively discounted to zero. This is especially noteworthy given that, among internationally educated immigrants, 35 % hold a bachelor's degree, relative to 24 % for the native-born. While foreign-educated immigrants generally have higher educational attainments, their matching quality is low, especially for postsecondary degree holders. It seems that the depressed earnings of internationally educated immigrants have more to do with their nonequivalent quality of source-country human capital and cannot be overcome through a better matching of skills to occupations.
Endnotes
1 Earlier studies found that foreign education provides a significant wage return with a slight discount in Canada (Aydemir and Skuterud 2005) , as we noted earlier. Since information on the location of study was not available before the 2006 Census, these studies used information on the year of immigration to identify years of schooling that immigrants have obtained abroad and in Canada, separately. Another common approach in the literature has been to assume that immigrants who came to Canada at the age of 25 or older could be considered as foreign-educated and information on the place of birth has been used to identify their location of study. However, the data from the 2006 Census show that more than 24 % of those immigrants actually obtained their highest degree in Canada, with this ratio jumping to 66 % for those coming from the Middle East in the same age group. In both these earlier approaches to identifying locations of study, measurement errors might contaminate the true discount to foreign education. A short list of studies on the issue for other immigrant-receiving countries can be found in Chiswick and Miller (2010) . 2 In the literature, the terms "horizontal match" and "vertical match" are often used for field of study-occupation and education-occupation matching, respectively. 3 For instance, Reitz (2001) estimated the annual underutilization cost due to the immigrant's occupational mismatch to be as high as 15 billion dollars. On the other hand, the Conference Board of Canada (2001) has estimated this cost to be much lower, somewhere between 4.1 billion and 5.9 billion dollars. 4 By using the same concordance we have reestimated all regressions with cells restricted to 15-20-25-30 native-born and immigrant workers in the field of study-occupation matrix. Since the results did not change fundamentally, we do not report them here. 8 We also applied the ORU setting and found that the wage penalty for the overeducated disappears for internationally educated immigrants. This may imply that immigrants may offset lower returns to their foreign education with surplus in their formal schooling. We do not show the results here, as we believe that the issues in occupational matching cannot be addressed effectively within the ORU setting. 9 Although estimating the direct wage effects of these indices is not the main objective of the paper, we have experimented with several different options when introducing HRI and VRI into our estimations. First, we have changed the five-level classification to a two-level classification and reestimated all three specifications in Table 8 . The results are consistent with those reported in Table 8 . We have also used the HRI and VRI as continuous variables (in logs and levels). Again, the results indicate a significant wage gain for those who work in matching occupations in both dimensions.
